Internet of Things (IoT) systems in general consist of a lot of devices with massive connectivity. Those devices are usually constrained with limited energy supply and can only operate at low power and low rate. In this paper, we investigate a cellular-based IoT system combined with energy harvesting and NOMA. We consider all base stations (BS) and IoT devices follow the Poisson Point Process (PPP) distribution in a given area. The unit time slot is divided into two phases, energy harvesting phase in downlink (DL) and data transmission phase in uplink (uplink). That is, IoT devices will first harvest energy from all BS transmissions and then use the harvested energy to do the NOMA information transmission. We define an energy harvesting circle within which all IoT devices can harvest enough energy for NOMA transmission. The design objective is to maximize the total throughput in uplink within the circle by varying the duration T of energy harvesting phase. In our work, we also consider the inter-cell interference in the throughput calculation. The analysis of Probability Mass Function (PMF) for IoT devices in the energy harvesting circle is also compared with simulation results. It is shown that the BS density needs to be carefully set so that the IoT devices in the energy harvesting circle receive relatively smaller interference and energy circles overlap only with a small probability. Our simulations show that there exists an optimal T to achieve the maximum throughput. When the BSs are densely deployed consequently the total throughput will decrease because of the interference.
I. INTRODUCTION
With the development of 5G technology, it is possible to transmit more data and support more users (UEs) in nowadays wireless communication. Non-orthogonal Multiple Access (NOMA) is a key technology in 5G and has been extensively studied. Allowing serval data sources to be transmitted at the same frequency band and the same time slot is one of the main advantages of NOMA. With the growing demand for communication spectrum, NOMA technology has been widely considered as a powerful way to improve the spectrum efficiency in the future mobile communication system. Since it was proposed in 2013, numbers of NOMA technologies have been come up for the mobile communication network. It can be roughly divided into downlink (DL) NOMA and uplink (UL) NOMA.
DL NOMA has been widely studied in recent years. A paring UEs are usually considered in a basic NOMA system. For the transmitter, it uses non-orthogonal transmission which combines all the NOMA UEs information in the DL signal. At the receiver side, Successive Interference Cancellation (SIC) is applied when UEs receive the signal. SIC relies on decoding and subtracting the signals in sequence until it reaches its desired signal [1] . Therefore, the decoding order must match with the UE index in the cancellation sequence to get the right information. Zekun. et al. proposed a framework on the NOMA system coverage and average UE achievable data rate in a stochastic geometry-based NOMA system [2] . In [2] where a multi-cell DL cellular network is considered in its system model. In each cell, there are two UEs connected to the BS. All BSs are set to transmit a fixed power P . In addition, the inter-cell interference is considered in this paper and can be calculated by using the Laplace transform. According to the result of this paper, the NOMA has a negative influence on the performance of UE SIR. However, NOMA improves the overall system throughput. Some power allocation schemes for DL NOMA are proposed in [3] , it investigates power allocation for a DL NOMA system. In their system model, single BS and two UEs are considered as well. There are two closed-form optimal power allocation schemes derived by using Karush-Kuhn-Tucher (KKT) conditions. Moreover, a Poisson cellular network applying NOMA in the DL is studied in [4] . In the system model, all the NOMA UEs are distributed randomly in the largest disk centered at the BS in the cell.
Previous works for NOMA mainly concentrates on DL NOMA. The investigation for UL NOMA is relatively fewer. For UL NOMA, the eNB has to receive different arrived power from all NOMA UEs. How to obtain power is the main issue. In [5] , it comes up a power back-off scheme and investigates the performance of outage probability for two NOMA UEs in a single cell transmission case. In addition, user pairing in NOMA is studied in many predefined power allocation schemes. A set of UEs are divided by BS into disjunct pairs and sent the available power to these pairs. Different scenarios, such as SAMS, MBASS, are considered in [6] . In [7] , the authors proposed three models for the UEs in Poisson Cluster process (PCP) system which gives the idea of the range. The UEs in this work is considered to be distributed in a certain range in the three systems and analyzed. In addition, all the NOMA UEs are connected with their nearest BS.
Although NOMA has many advantages for 5G, challenges and obstacles exist when NOMA is applied into practice. For example, when the number of UE in a cell becomes very large, the complexity of decoding will increase as well. We know that each of the UEs in the NOMA cluster needs to decode all the information they received even one having worst channel condition. Therefore, when the system has a large number of UEs, the complexity and power consumption will be significantly higher. Moreover, all other UEs decoding information will be erroneous if any error occurs in single UE due to SIC. This constrains the number of UEs to be served in NOMA at the receiver. Fortunately, more and more new techniques are applied to solve those problems. NOMA is combined with many other systems or mathematics tools, such as machine learning, nowadays.
In IoT networks, wireless charging has been proposed recently as a promising solution to supply power to a large number of users [8] , [9] . In [10] , it combines energy harvesting with a NOMA system. The energy harvesting process is studied because IoT devices and nodes are inconvenient to be removed and charged in wireless IoT networks. For example, some nodes are put underground to collect information about the soil or waves. Therefore, energy harvesting technology gives the self-sustainable ability to these IoT nodes. With the development of these new technologies, we will have a more reliable and powerful wireless communication system in the foreseeable future. Wireless powered ultra-dense networks (UDNs) has shown its potential to be a good candidate of wireless RF energy harvesting. In [11] - [13] , the RF energy have been harvested from the environment in the UDNs, in which the distance between the BSs and users are significantly reduced. UDNs could not only improve the link qualities but also increase the harvested RF energy levels. However, increasing intercell interference may influence network performance. Hence, the density of BSs needs to be carefully designed.
In addition, Stochastic geometry (SG) has been widely adopted to characterize the random deployment of BSs and wireless users for network performance analysis, which can be employed to quantify the co-channel interference [14] and also be incorporated with random channel effects such as fading and shadowing [15] .
In this paper, we modeled an RF-energy harvesting uplink-NOMA IoT-based Network by using Poisson point process. The main contribution is in three-fold. First, we propose an energy-efficient NOMA system. Specifically, UEs in a "selection range" will transmit information to BS by using uplink NOMA. "Selection range" is defined as a circle in which UEs can always harvest enough energy 1 . Second, we analyze the user selection scheme and average system throughput numerically. Third, extensive simulations are conducted, in which we can find some useful insight into system design.
The remainder of this paper is organized as follows. In Section II, the variables and assumptions governing the model are listed. In Section III, user selection strategy has been analyzed. In Section IV, simulation results have been presented. Finally, Section V briefly concludes the article and proposes several future research direction.
II. SYSTEM MODEL An ultra-dense cellular network is considered where BSs and IoT devices are distributed following two independent As shown in Fig.1 , for each transmission, each time slot has been separated into two sub-slots. For the first sub-slot, all UEs located inside of the selection range will harvest energy from all BSs in the whole system 2 . Then, they use the energy that they harvested to do the uplink NOMA information transmission in the transmission sub-slot. Especially, for the energy harvesting part, a single UE can harvest energy from all BSs in the whole system and will be selected by its associated BS to apply uplink NOMA transmission scheme if its harvested sufficient energy in energy harvesting sub-slot. Specifically, we consider the power domain NOMA system and apply SIC to cancel all intra-cell interference. By applying SIC, when BS receives the signal from all UEs in its cell, the BS first detects and decodes the signal which is the strongest one and extracts this signal from the combined received signal and does the same process until all signals are detected and decoded. We assume the SIC can be a success for all the selected users and all users always have packages to transmit.
Both small-scale fading and large-scale fading have been considered in our paper. Specifically, rayleigh fading is considered when it comes to small scale fading, and each sub-slot has different fading factors h x , g x ∼ exp (1) . h x and g x are denotes the small scale fading for energy harvesting sub-slot and UL transmission sub-slot respectively. Besides, large-scale fading is considered decays at the rate of r −α , where r is the distance between UEs and BSs, and α > 2 is the path loss exponent.
When we consider a typical UE located at the origin, the received RF energy of a typical UE at energy harvesting sub time-slot is thus
where T is the energy harvesting sub-slot fraction, a ∈ (0, 1) is the energy conversion efficiency from RF to DC, h i denotes the channel gain between the typical IoT device to any BS b i ∈ Φ B where b i is the i-th nearest BS to the typical IoT device and Φ B represents BSs beyond the nearest one who are operating in the energy harvesting or downlink transmission sub-frame. r i is the distance between the typical IoT device and its i-th nearest BS.
III. USER SELECTION AND SYSTEM THROUGHPUT ANALYSIS
In this section, we study the UEs selection scheme and system throughput. For a UE to successfully selected by its associated BS to operate uplink NOMA, it has to harvest sufficient energy at energy harvesting sub-slot to operate the uplink transmission. If conditioned on the distance between the UE to its associated BS, we define an energy harvesting range in which UEs can harvest sufficient RF energy with probability β, β is the power coverage requirement. The radius for this range denoted as r is in the following lemma, Lemma 1. If UEs in the selection range can receive enough RF energy to proceed uplink transmission for uplink information transmission sub-slot, they will upload information using NOMA technology. The radius of selection range is given by:
where E th is the energy consumption threshold.
Proof. Since the selection of NOMA UEs is based on the energy harvesting status, the energy harvesting sufficient probability condition on the distance between the typical UE to its associated BS r 1 is give by,
where in equation (a) we can approximate as:
where (b) comes from the fact that Campbell's theorem for summation over PPP [16] . If we put (3) equals to β, and calculate r 1 , lemma 1 proved.
After select UEs, we are interested in the total throughput after SIC.
All UEs use the harvested energy to upload informations into its associated BS by using power P u = E th /(1 − T ). If we use N to denotes the number of UEs been selected by typical BS, the data rate for the mth UE (m ≤ N ) conditioned on N can be written as:
where S i = P u g i r −α i represent the received signal at the BS side and I inter is the inter-cell interference. Moreover, σ represents the gaussian white noise.
The average total throughput for each cell denoted as R tc is given by:
where the probability mess function (PMF) of N can be written as:
where r is given in (2) . System average data rate denoted as R ts is given by:
where λ B is the density of BSs receiving uplink NOMA signals, it can be written as: P(N = 0) ).
Therefore, we can calculate the total data rate of the system. 
IV. SIMULATION AND RESULTS
The results were obtained using the parameters in Table  I . We modeled the multi-UEs and BSs as Poisson points and calculated the total data rate for the system. In addition, we used 50,000 samples to average every results in this simulation.
The relationship between r and λ b is shown in Fig. 2 . It is easy to find that a higher T will achieve a larger energy harvesting circle. This is because the system has a long energy harvesting time which more UEs can get enough energy for uplink transmission even those UEs far from their connected BS. Meanwhile, with higher BS density which means the distance between a UE to all BSs are closer. UE also can harvest more energy. The system can support more NOMA UEs and the range becomes larger. In Fig.3 , we show the accuracy of our equation (5) who gives the PMF of how many UEs in the circle. Then we need to compare the analysis result with simulation result to make sure that they can match with each other. In this simulation, we randomly distribute the BSs and UEs following the PPP. Then one typical cell is extracted from all the cells to present other cells. Therefore, we need to consider the UE distribution probability in the typical cell and compare it with mathematical analysis result. We can imagine that when we have a large energy harvesting range, the overlap probability of these circles will significantly increase. When λ b reaches up to 300bs/km 2 , the overlap probability is 100%, which means most UEs in the same energy harvesting circle but they belong to different cells. In the analysis, it just calculates how many UEs in this range regardless of whether these UEs are located in the same cell. But in simulation, we just calculate UEs in the same cell. Therefore, the error comes when λ b becomes larger. This is the reason why we chose a certain number of λ b which is 20 to 40 in our work. The system throughput with changed T can be calculated according to equation (6) . From this equation, we can find that the total data rate of the whole system is related to the information transmission time and inter-cell interference. In Fig.4 , we show that with same energy harvesting time T , smaller λ b can reach up to a higher system throughput compared with larger BS density. This is because the smaller λ b introduced less uplink interference. As for the fixed λ b but different T , the throughput will increase with a short energy harvesting time and T = 0.15 gives the maximum throughput of the system. When the harvesting time becomes larger than this optimal value, the throughput becomes decrease because larger T also achieves a larger r which means high inter-cell interference. The reason behind this is the tradeoff of energy harvesting sub time-slot and transmission sub time-slot.
In many traditional NOMA works who just use a single cell to present the whole system. To get optimal system throughout, most of them ignored the inter-cell interference. However, it was unpractical when multi-BSs and UEs in the system. The interference will become too high to be ignored. In Fig.5 , we find out that inter-cell interference seriously affected the system throughout. 
V. CONCLUSION
In this paper, we have provided a new model for uplink NOMA transmission in a PPP system and developed an analytical framework to study uplink NOMA performance of a cellular-based ambient RF energy harvesting network in which IoT devices are solely powered by the downlink cellular transmissions. We proposed a multi-UEs and multi-BSs scenario with inter-cell interference which gives a model for a general communication network. Based on the more realistic network, optimal slot partitioning that maximizes this throughput under different density of BSs have been discussed. Simulation results show that inter-cell interference has a dramatic influence for a stochastic geometry system.
We will extend the work by considering imperfect SIC in our future work.
